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1
ELECTRONIC DIE SINGULATION METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

Not applicable.

BACKGROUND

The present invention relates, in general, to electronics and,
more particularly, to methods for forming electronic devices
such as semiconductor dies.

In the past, the semiconductor industry utilized various
methods and equipment to singulate individual semiconduc-
tor die from a semiconductor wafer on which the die was
manufactured. Typically, a technique called scribing or dicing
was used to either partially or fully cut through the wafer with
a diamond cutting wheel along scribe grids or singulation
lines that were formed on the wafer between the individual
die. To allow for the alignment and the width of the dicing
wheel each scribe grid usually had a large width, generally
about one hundred fifty (150) microns, which consumed a
large portion of the semiconductor wafer. Additionally, the
time required to scribe each singulation line on the semicon-
ductor wafer could take over one hour or more. This time
reduced the throughput and manufacturing capacity of a pro-
duction facility.

Other methods, which have included thermal laser separa-
tion (TLS), laser ablation dicing, and plasma dicing, have
been explored as alternatives to scribing. Plasma dicing is a
promising process compared to scribing and other alternative
processes because it supports narrower scribe lines, has
increased throughput, and can singulate die in varied and
flexible patterns. However, plasma dicing has had manufac-
turing implementation challenges. Such challenges have
included non-compatibility with wafer backside layers, such
as back metal layers, because the etch process has been
unable to effectively remove or separate the backside layers
from the singulation lines. Removing or separating the back-
side layers from the scribe lines is necessary to facilitate
subsequent processing, such as pick-and-place and assembly
processes.

Accordingly, it is desirable to have a method of singulating
die from a semiconductor wafer that removes or separates the
backside layers from within the singulation lines. It would be
beneficial for the method to be cost effective and to minimize
any damage to or contamination of the separated die.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a reduced plan view of an embodiment of
a wafer in accordance with the present invention;

FIG. 2 illustrates a cross-sectional view of the wafer of
FIG. 1 mounted to a carrier substrate in accordance with an
embodiment of the present invention;

FIG. 3 illustrates a top view of the embodiment of FIG. 2;

FIGS. 4-5 illustrate partial cross-sectional views of the
wafer of FIG. 1 at various stages in a process of singulating
die from the wafer in accordance with an embodiment of the
present invention;

FIG. 6 illustrates a cross-sectional view of the wafer of
FIG. 1 at a subsequent stage of singulation in accordance with
an embodiment of the present invention;

FIG. 7 illustrates an enlarged partial cross-sectional view
of the embodiment of FIG. 6 in accordance with reference
portion 7-7;
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FIG. 8 illustrates the wafer of FIG. 1 after singulation and
at a further stage of manufacture in accordance with an
embodiment of the present invention; and

FIG. 9 illustrates a flow chart of a batch singulation method
in accordance with an embodiment of the present invention.

For simplicity and clarity of the illustration, elements in the
figures are not necessarily drawn to scale, and the same ref-
erence numbers in different figures denote the same elements.
Additionally, descriptions and details of well-known steps
and elements are omitted for simplicity ofthe description. For
clarity of the drawings, certain regions of device structures,
such as doped regions or dielectric regions, may be illustrated
as having generally straight line edges and precise angular
corners. However, those skilled in the art understand that, due
to the diffusion and activation of dopants or formation of
layers, the edges of such regions generally may not be straight
lines and that the corners may not be precise angles. The terms
first, second, third and the like in the claims or/and in the
Detailed Description of the Drawings, as used in a portion of
a name of an element are used for distinguishing between
similar elements and not necessarily for describing a
sequence, either temporally, spatially, in ranking or in any
other manner. It is to be understood that the terms so used are
interchangeable under appropriate circumstances and that the
embodiments described herein are capable of operation in
other sequences than described or illustrated herein. Further-
more, the term “major surface” when used in conjunction
with a semiconductor region, wafer, or substrate means the
surface of the semiconductor region, wafer, or substrate that
forms an interface with another material, such as a dielectric,
an insulator, a conductor, or a polycrystalline semiconductor.
The major surface can have a topography that changes in the
X, y and z directions. Also, it is to be understood that where it
is stated herein that one layer or region is formed on or
disposed on a second layer or another region, the first layer
may be formed or disposed directly on the second layer or
there may be intervening layers between the first layer and the
second layer. In addition, as used herein, the term formed on
is used with the same meaning as located on or disposed on
and is not meant to be limiting regarding any particular fab-
rication process.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 is a reduced plan view that graphically illustrates a
wafer 10 at a later step in fabrication. In one embodiment,
watfer 10 can be a semiconductor substrate. Wafer 10 includes
a plurality of semiconductor die, such as die 12, 14, 16, and
18, that are formed on or as part of semiconductor wafer 10.
Die 12, 14, 16, and 18 are spaced apart from each other on
wafer 10 by spaces in which singulation lines are to be formed
or defined, such as scribe lines or singulation lines 13, 15,17,
and 19. As is well known in the art, all of the semiconductor
die on wafer 10 generally are separated from each other on all
sides by areas or spaces where scribe lines or singulation
lines, such as singulation lines 13, 15, 17, and 19 are to be
formed. Die 12, 14, 16, and 18 can be any kind of electronic
device including semiconductor devices such as, diodes, tran-
sistors, discrete devices, integrated circuits, sensor devices,
optical devices, or other devices known to one of ordinary
skill in the art. In one embodiment, wafer 10 has completed
wafer processing including the formation of a backside layer
described later.

FIG. 2 illustrates an enlarged cross-sectional view of wafer
10 at an early step in a die singulation method in accordance
with an embodiment. In one embodiment, wafer 10 is
attached to a carrier substrate, transfer tape, or carrier tape 30
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that facilitates supporting the plurality of die on wafer 10 after
the die are singulated. Such carrier tapes are well known to
those of skill in the art. In one embodiment, carrier tape 30 can
be attached to a frame 40, which can include frame portions or
portions 401 and 402. In one embodiment, frame 40 is made
of a rigid material, such as stainless steel. As illustrated,
carrier tape 30 can be attached to surface 4010 of frame
portion 401 and to surface 4020 of frame portion 402 using,
for example, the adhesive side of carrier tape 30.

In the cross-section illustrated, wafer 10 can include a bulk
substrate 11, such as a silicon substrate, which can include
opposing major surfaces 21 and 22. In other embodiments,
bulk substrate 11 can comprise other semiconductor materi-
als such as heterojunction semiconductor materials or sub-
strate 11 can be an insulating material such as ceramic mate-
rials. In one embodiment, contact pads 24 can be formed
along, in, on, or above portions of major surface 21 to provide
for electrical contact between structures formed within sub-
strate 11 and next levels of assembly or external elements. For
example, contact pads 24 can be formed to receive bonding
wires or clips that subsequently may be attached to contact
pads 24, or contact pads 24 can be formed to receive a solder
ball, bump or other type of attachment structure. Contact pads
24 generally can be a metal or other conductive material.
Typically, a dielectric material 26 such as, a blanket deposited
dielectric layer can be formed on or overlying major surface
21 to function as a passivation layer for wafer 10. In one
embodiment, dielectric material 26 can be a material that
etches at a slower rate than that of substrate 11. In one
embodiment, dielectric material 26 can be a silicon oxide,
silicon nitride, or polyimide when substrate 11 is silicon. It
should also be noted that a separate polymer protective layer,
such as a patterned protective layer, can be used to protect the
areas not intended to be etched during subsequent processing.
In one embodiment, the patterned protective layer can be a
patterned photoresist layer. An example of such a protective
layer is noted as element 35 in FIG. 4 described later.

In one embodiment, openings can be formed in dielectric
material 26 (and other dielectric layers that can be formed
above or below dielectric material 26) to expose underlying
surfaces of contact pads 24 and surfaces of substrate 11 where
singulation lines 13, 15, 17, and 19 are to be formed. In one
embodiment, the patterned photoresist layer describes previ-
ously can be used to form the openings with an etch process.
As illustrated in FIG. 2 and in accordance with the present
embodiment, wafer 10 further includes a layer of material 28
formed on or overlying major surface 22 of wafer 10. In one
embodiment, layer 28 can be a conductive back metal layer.
Layer 28 can be any suitable conductive material appropriate
for electronic technology. In one embodiment, layer 28 can be
a multi-layer metal system such as, titanium/nickel/silver,
titanium/nickel/silver/tungsten, chrome/nickel/gold, copper,
copper alloys, gold, or other materials known to those skilled
in the art. In some embodiments, layer 28 is greater than about
one micron in thickness. In other embodiments, layer 28 is
greater than about two microns in thickness. In still other
embodiments, layer 28 is greater than about three microns in
thickness. In another embodiment, layer 28 can be a wafer
backside coating (WBC) film, such as a die-attach coating or
film. In one embodiment, layer 28 can be formed having or
provided with recesses, gaps, spaces, or channels between at
least some adjacent die. In a further embodiment, the gaps are
substantially aligned with corresponding spaces on the oppo-
site side of wafer 10 where singulation lines 13,15,17,19 will
be formed. In another embodiment, layer 28 is separated from
the edges of least some of the die.
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FIG. 3 illustrates a top view of wafer 10 in accordance with
the cross-sectional view of FIG. 2 after wafer 10 is be
mounted on carrier tape 30 with layer 28 against carrier tape
30. In one embodiment, carrier tape 30 is mounted to frame
40. As illustrated in FIG. 3, frame 40 can be configured with
alignment portions or notches to better assist placing frame
40 into processing equipment such as the equipment
described herein.

FIG. 4 illustrates an enlarged cross-sectional view of wafer
10 at a subsequent step during a singulation process in accor-
dance with the present embodiment. In FIG. 4, a plasma or dry
etch singulation process is illustrated. It is understood that
other singulation processes can be used. In one embodiment,
wafer 10 mounted on carrier tape or film 30 is then placed
within an etch apparatus 300, such as a plasma etch apparatus.
In one embodiment, substrate 11 can be etched through the
openings to form or define singulation lines or openings 13,
15, 17, and 19 extending from major surface 21. The etching
process can be performed using a chemistry (generally rep-
resented as arrows 31) that selectively etches silicon atamuch
higher rate than that of dielectrics and/or metals. In one
embodiment, wafer 10 can be etched using a process com-
monly referred to as the Bosch process. In one embodiment,
watfer 10 can be etched using the

Bosch process in a deep reactive ion etch system. In one
embodiment, the width of singulation lines 13, 15, 17, and 19
can be from about five microns to about twenty microns. Such
a width is sufficient to ensure that the openings that form
singulation lines 13, 15, 17, and 19 can be formed completely
through substrate 11 stopping proximate to or on layer 28
because of the etch selectivity as generally illustrated in FI1G.
5. In one embodiment, layer 28 can be used as a stop layer for
the plasma etch singulation process. In one embodiment,
singulation lines 13, 15, 17, and 19 can be formed in about
five to about thirty minutes using the Bosch process. A suit-
able etch apparatus is available from Plasma-Therm of St.
Petersburg, Fla., U.S.A.

FIG. 6 illustrates a cross-sectional view of a back layer
separation apparatus 60 configured to hold wafer 10 includ-
ing frame 40 and carrier tape 30. In one embodiment, sepa-
ration apparatus 60 can be configured to process a single
wafer and to provide a back layer separation process where
layer 28 on wafer 10 is separated substantially at the same
time (that is, batch separated) compared to other processes
that separate only a localized portion of layer 28 at a time. In
other embodiments, separation apparatus 60 can be config-
ured to process multiple wafers each in a batch configuration.

Apparatus 60 can include a compression chamber 62 sized
to accommodate wafer 10 and frame 40 depending upon the
sizes of such structures. In one embodiment, compression
chamber 62 is bounded on all sides by a plurality of generally
vertical sidewalls 63 that extend generally upward from a
lower chamber wall or surface 67. Sidewalls 63 can be
attached to lower chamber wall 67 using any suitable attach-
ment devices capable of maintaining pressure with compres-
sion chamber 62. Compression chamber 62 further includes
an upper chamber wall or surface 68, which can include an
opening 69 to accommodate a compression or pressure plate
71 or to provide an entrance for a non-compressible fluid.
Compression chamber 62 and can be any suitable shape
appropriate for processing wafer 10 and frame 40 or other
holding structures.

Compression plate 71 is movably associated or attached
within compression chamber 62 and adapted to apply a con-
trolled and substantially uniform pressure to wafer 10
through a pressure transfer vessel 73 containing a fluid 74. In
one embodiment, vessel 73 can be a fluid filled bladder that is
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oriented between wafer 10 and compression plate 71. In one
embodiment, vessel 73 comprises a cross-linked polymer
material that exhibits high elastic deformation, such as a
rubber or other materials as known to those of ordinary skill
in the art. In one embodiment, vessel 73 is a static pressure
balloon. In one embodiment, fluid 74 can be water. In one
embodiment, fluid 74 can be water that is anaerobic (that is,
water having low dissolved oxygen content or that has been
deoxygenated). In some embodiments, fluid 74 can be heated
above room temperature. In some embodiments, fluid 74 can
be heated to a temperature in range from about 35 degrees
Celsius to about 65 degrees Celsius. In one embodiment, fluid
74 can be heated to a temperature in range from about 45
degrees Celsius to about 55 degrees Celsius. In other embodi-
ments, fluid 74 can be a fluid having a higher viscosity than
water. In some embodiments, fluid 74 can be liquid-crystal-
line material. In still other embodiments, vessel 73 can be
filled with a solid material, such as synthetic microspheres,
carbon nanotubes, graphene, or other solid or solid-like mate-
rials that can impart or transfer pressure from compression
plate 71 to carrier tape 30 without damaging wafer 10. In
some embodiments, vessel 73 can be filled with a gas. In
accordance with the present embodiment and illustrated in
FIG. 6, vessel 73 has a horizontal width proximate to wafer 10
that is larger than the horizontal width or diameter of wafer 10
to facilitate batch or near simultaneous singulation or sepa-
ration of layer 28 in scribe lines 13, 15,17, and 19 of wafer 10.
That is, vessel 73 is configured or adapted to apply a pressure
substantially uniformly along or across all of layer 28 and
wafer 10 to provide batch separation of layer 28 in the scribe
lines.

In an optional embodiment, a pressure plate 77 can be
detachably placed in between vessel 73 and carrier tape 30
above or in spaced relationship with wafer 10 and layer 28. In
one embodiment, pressure plate 77 can be a low-alloy,
medium-carbon steel or high-carbon steel material with high
yield strength, such as spring steel. Such a material allows
pressure plate 77 to return to its original shape despite any
significant bending. In one embodiment, pressure plate 77
can be a generally flat plate where the major surfaces lie in
substantially parallel horizontal planes. In other embodi-
ments, pressure plate 77 can have a lower surface (that is, the
surface adjoining carrier tape 30) configured to first apply
pressure to the outer portions of wafer 10 before or slightly
before pressure applied to the more central portion of wafer
10. For example, in one embodiment pressure plate 77 can
have a slightly concave major surface adjoining carrier tape
30 without pressure applied with vessel 73. In another
embodiment, pressure plate 77 can have a slightly raised
ridge, for example, in the shape or form of a ring around an
outer periphery of pressure plate 77.

In some embodiments, a protective film or protective pad
83 is placed between wafer 10 and lower chamber wall 67 to
protect and/or cushion wafer 10 during the separation of back
layer 28. In one embodiment, protective film 83 is a non-
adhesive film or a low adhesive film where the adhesive
strength is selected so as to minimize the occurrence of indi-
vidual die being removed from carrier tape 30 after separation
of'back layer 28 has occurred. In other embodiments, protec-
tive film 83 can have a high adhesive strength (that is, higher
than the adhesive strength of carrier tape 30) if it is desired to
have the separated die adhere to protective film 83, for
example, for additional processing to the back side of wafer
10.

In some embodiments, a controlled downward pressure
(represented by arrows 701 and 702) is applied through com-
pression plate 71 using, for example, a stepper motor driving
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a threaded shaft attached to compression plate 71. In other
embodiments, compression plate 71 can be adjusted using
hydraulic or pneumatic techniques. In some embodiments,
compression plate 71 can be adjusted manually. It is under-
stood that apparatus 60 may include other sealing devices,
fluid heating and delivery devices, and measurement and
control systems that are not illustrated for the ease of under-
standing embodiments of the present invention. Suitable
apparatus that can be configured in accordance with the
description provided herein are available from Instron® of
Norwood, Mass., U.S.A. and Geocomp Corporation of St.
Johns, N.Y,, U.S.A.

FIG. 7 illustrates an enlarged partial cross-sectional view
of a portion of apparatus 60 and wafer 10 of FIG. 6 along
reference portion 7-7. In FIG. 7, carrier tape 30 is enlarged to
show both a singulation film portion 301 and an adhesive film
portion 302 between singulation film portion 301 and layer 28
on wafer 10. In some embodiments, singulation film portion
301 can have a thickness from about 70 microns to about 90
microns and adhesive film portion 302 can have thickness
from about 20 microns to about 40 microns. In accordance
with some embodiments, pressure applied from compression
plate 71 is transferred and applied through vessel 73 to
optional pressure transfer plate 77 to carrier tape 30 as gen-
erally represented by arrows 701, 702, and 703. The down-
ward force applied to carrier tape 30 extrudes adhesive film
portion 30 in scribe lines 13, 15, 17, and 19 between die 12,
14, 16, and 18 to separate away or singulate portions of layer
28 inthe scribe lines as generally illustrated in FIG. 7. Insome
embodiments, a downward force can be in the range from
about 700 KPa to 1400 KPa. In other embodiments, down-
ward force can be in the range from about 1400 KPa to 3500
KPa. One advantage of the present method is that it provides
a batch singulation of layer 28 compared to previous pro-
cesses that provide localized singulation of layer 28. The
present embodiments thus reduce manufacturing cycle time.
Another advantage is that metal separates cleanly and self-
aligned to the die edge and further, remaining material of
layer 28 between die will remain on the tape after the die are
removed with no need to flip the tape to expose and remove or
separate the metal.

FIG. 8 illustrates a cross-sectional view of wafer 10 at a
further stage of manufacturing. In one embodiment, die 12,
14, 16, and 18 can be removed from carrier tape 30 as part of
a further assembly process using, for example, a pick-and-
place apparatus 81 as generally illustrated in FIG. 8. As illus-
trated in FIG. 8 portions 280 separated from layer 28 remain
on carrier tape 30. In one embodiment, die 12, 14, 16, and 18
can be attached to conductive lead frames or substrates, elec-
trically connected to leads for traces, and encapsulated with a
plastic molding compound. In one embodiment, carrier tape
30 can be exposed to a UV light source prior to the pick-and-
place step to reduce the adhesiveness of carrier tape 30.

FIG. 9 illustrates a flow chart for batch singulating back-
side material in accordance with an embodiment. In step 900,
wafer 10 can be placed onto a carrier film, such as carrier tape
30, as generally illustrated in FIG. 2. In accordance with the
present embodiment, wafer 10 includes back layer, such as
layer of material 28. In some embodiments, layer 28 is a
conductive metal material. In other embodiments, layer 28
can be a Wafer Back Coat (WBC) film, such as a die-attached
coating or film. In step 901, material, such as semiconductor
material, is removed from scribe lines 13, 15, 17, and 19.
Semiconductor material can be removed to expose layer 28 in
scribe lines 13, 15, 17, and 19, or small amount of material
can be left in scribe lines 13, 15, 17, and 19. Stated another
way, a sufficient amount of material is removed so that layer
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28 can be effectively separated in scribe lines 13, 15,17, and
19 in a subsequent step. In step 902, wafer 10 on carrier tape
30 is placed in apparatus 60 as described with FIG. 6. In one
embodiment, wafer 10 is placed front side or device side
down with layer 28 and carrier tape 30 facing upward. In one
embodiment, pressure plate 77 can be placed adjacent to
carrier tape 30 proximate to wafer 10 and layer 28. A fluid
filled vessel, such as vessel 73, can then placed proximate to
pressure plate 77 as generally illustrated in FIGS. 6 and 7. In
one embodiment, the fluid filled vessel is filled with deoxy-
genated water heated to temperature from about 35 degrees
Celsius to about 65 degrees Celsius. In step 903, a pressure is
applied to the fluid filled vessel using, for example, a move-
able compression plate 71 as described in conjunction with
FIG. 6. In one embodiment, a pressure range from about 500
KPa to 5000 KPa can be used. In one embodiment, the pres-
sure applied to the fluid filled vessel causes portions of the
carrier film, for example, adhesive film portion 302, to
extrude into the scribe lines, such as scribe lines 13, 15, 17,
19, which batch singulates or simultaneously separates all or
major portions of layer 28 from the scribe lines. In other
embodiments, step 903 can applied multiple times (that is,
more than once on the same watfer) with pressure applied,
then removed, then re-applied. In some embodiments, the
re-applied pressure can be greater than the previously applied
pressure. In other embodiments, the re-applied pressure can
be less than the previously applied pressure. In still other
embodiments, compression plate 71 can be slightly tilted and
rotated to apply additional pressure around the edge regions
of wafer 10. In further embodiments, compression plate 71
can be rocked back and forth in multiple directions.

From all of the foregoing, one skilled in the art can deter-
mine that, according to one embodiment, a method of singu-
lating a wafer (for example, element 10) comprises providing
a wafer (for example, element 10) having a plurality of die
(for example, elements 12, 14, 16, 18) formed on the wafer
and separated from each other by spaces, wherein the wafer
has first and second opposing major surfaces (for example,
elements 21, 22), and wherein a layer of material (for
example, element 28) is formed along the second major sur-
face. The method comprises placing the wafer onto a carrier
substrate (for example, element 30). The method comprises
singulating the wafer through the spaces to form singulation
lines (for example, elements 13, 15, 17, 19), wherein singu-
lating comprises stopping in proximity to the layer of mate-
rial. The method comprises applying a pressure substantially
uniformly along the second major surface to separate the
layer of material in the singulation lines.

In one embodiment of the foregoing method, after applying
the pressure portions (for example, element 280) of the sepa-
rated layer of material remain on the carrier substrate. In
another embodiment, applying the pressure can include
applying the pressure through the carrier substrate with a fluid
filled vessel (for example, element 73) and the fluid filled
vessel has a width that exceeds that of the wafer. In a further
embodiment, the fluid filled vessel can contain water. In a still
further embodiment, the water can be deoxygenated. In
another embodiment, the method can further include placing
a pressure plate between the fluid filled vessel and the carrier
substrate, and wherein providing the wafer can comprise
providing a semiconductor wafer where the layer of material
comprises a conductive material, placing the wafer onto the
carrier substrate can comprise placing onto a carrier tape
attached to a frame, applying the pressure can comprise
applying in a compression chamber, and applying the pres-
sure can comprise a pressure from about 500 KPa to about
5000 KPa. In a further embodiment, the method can further
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comprise heating the wafer while applying the pressure. In a
still further embodiment, the wafer can be heated to a tem-
perature from about 35 degrees Celsius to about 65 degrees
Celsius. In another embodiment, the method can further com-
prise placing a protective film proximate to the first major
surface of the wafer before applying the pressure.

From all of the foregoing, one skilled in the art can deter-
mine that, according to another embodiment, a method for
batch singulating a semiconductor wafer comprises provid-
ing the semiconductor wafer (for example, element 10) hav-
ing a plurality of die (for example, elements 12, 14, 16, 18)
formed on the semiconductor wafer and separated from each
other by spaces, wherein the semiconductor wafer has first
and second opposing major surfaces (for example, elements
21, 22), and wherein a layer of material (for example, element
28) is formed along the second major surface. The method
comprises placing the wafer onto a carrier substrate (for
example, element 30), wherein the layer of material is adja-
cent the carrier substrate. The method comprises etching the
semiconductor wafer through the spaces to form singulation
lines (for example, elements 13, 15, 17, 19) and to expose
portions of the layer of material in the singulation lines. The
method comprises applying a pressure substantially uni-
formly along the second major surface of the semiconductor
wafer through the carrier substrate to separate the layer of
material in the singulation lines.

In one embodiment of the foregoing method, applying the
pressure can include extruding portions of the carrier sub-
strate into the singulation lines to separate the layer of mate-
rial, and wherein the portions (for example, element 280) of
the separated layer of material remain on the carrier substrate.
In another embodiment, applying the pressure can include
using a fluid filled vessel having a width greater than that of
the semiconductor wafer. In a further embodiment, applying
the pressure can include using a static pressure balloon. In a
still further embodiment, the static pressure balloon can filled
with a heated fluid comprising one or more of a liquid and a
gas. In another embodiment, providing the semiconductor
wafer can include providing the layer of material comprising
a conductive material greater than about three microns in
thickness, and wherein applying the pressure can comprise a
pressure from about 500 KPa to about 5000 KPa.

From all of the foregoing, one skilled in the art can deter-
mine that, according to an additional embodiment, a method
of singulating a wafer comprises providing a wafer (for
example, element 10) having a plurality of die (for example,
elements 12, 14, 16, 18) formed on the wafer and separated
from each other by spaces, wherein the wafer has first and
second opposing major surfaces (for example, element s21,
22), and wherein a layer of material (for example, element 38)
is formed along the second major surface. The method com-
prises placing the wafer onto a carrier substrate (for example,
element 30) having an adhesive portion, wherein the layer of
material is adjacent the carrier substrate. The method sepa-
rating the wafer through the spaces to form singulation lines
(for example, elements 13, 15, 17, 19), wherein singulating
lines terminate in proximity to the layer of material. The
method comprises applying a pressure across the second sur-
face of the wafer to extrude the adhesive portion into the
singulation lines to separate the layer of material in the sin-
gulation lines, wherein portions (for example, element 280)
of the separated layer of material remain on the carrier sub-
strate.

In one embodiment of the foregoing method the applying
step is repeated more than once. In another embodiment,
applying the pressure can comprise compressing a static pres-
sure balloon (for example, element 73) having a diameter
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greater than that of the wafer. In a further embodiment, apply-
ing the pressure can comprise using a fluid filled vessel (for
example, elements 73, 74). In a still further embodiment, the
method can futher comprise heating the wafer while applying
the pressure. In another embodiment, can further comprise
placing a pressure plate (for example, element 77) between
the fluid filled vessel and the carrier substrate before applying
the pressure. In a further embodiment, providing the wafer
can comprise providing the layer of material having a thick-
ness greater than about three microns and applying the pres-
sure can comprise a pressure between about 500 KPa to about
5000 KPa.

From all of the foregoing, one skilled in the art can deter-
mine that, according to further embodiment, a method for
separating a layer of material on a wafer comprises providing
the wafer (for example, element 10) having a plurality of die
(forexample, element 12, 14, 16, 18) formed on the wafer and
separated from each other by singulation lines (for example,
elements 13, 15, 17, 19), wherein the wafer has first and
second opposing major surfaces (for example, elements 21,
22), and wherein a layer of material (for example, element 28)
is formed along the second major surface, and wherein the
singulation lines extend from the first major surface and ter-
minate proximate to the layer of material, and wherein the
wafer is attached to a carrier substrate (for example, element
30). The method comprises simultaneously applying a pres-
sure along the entire second major surface of the wafer
through the carrier substrate to separate the layer of material
in the singulation lines.

In view of all of the above, it is evident that a novel method
is disclosed. Included, among other features, is placing a
substrate having a layer of material on a major surface of the
substrate onto a carrier tape, and forming singulation lines
through the substrate to expose portions of the layer of mate-
rial within the singulation lines. A pressure is substantially
uniformly applied along the second major surface of the
substrate through the carrier tape to separate the layer of
material in the singulation lines in a batch configuration. In
one embodiment, the pressure is applied with a fluid filled
vessel that is controllably compressed against the wafer. The
method provides, among other things, an efficient, reliable,
and cost effective process for batch singulating substrates that
include back layers, such as thicker back metal layers or WBC
layers.

While the subject matter of the invention is described with
specific preferred embodiments and example embodiments,
the foregoing drawings and descriptions thereof depict only
typical embodiments of the subject matter, and are not there-
fore to be considered limiting of its scope. It is evident that
many alternatives and variations will be apparent to those
skilled in the art. For example, other forms of removable
support materials can be used instead of carrier tapes.

As the claims hereinafter reflect, inventive aspects may lie
in less than all features of a single foregoing disclosed
embodiment. Thus, the hereinafter expressed claims are
hereby expressly incorporated into this Detailed Description
of the Drawings, with each claim standing on its own as a
separate embodiment of the invention. Furthermore, while
some embodiments described herein include some but not
other features included in other embodiments, combinations
of features of different embodiments are meant to be within
the scope of the invention and meant to form different
embodiments as would be understood by those skilled in the
art.

What is claimed is:
1. A method of singulating a wafer comprising:
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providing a wafer having a plurality of die formed on the
wafer and separated from each other by spaces, wherein
the wafer has first and second opposing major surfaces,
and wherein a layer of material is formed along the
second major surface;

placing the wafer onto a carrier substrate;

singulating the wafer through the spaces to form singula-

tion lines, wherein singulating comprises stopping in
proximity to the layer of material;
placing the wafer and carrier substrate within a chamber,
the chamber at least partially enclosing a pressure trans-
fer vessel, wherein the pressure transfer vessel contains
a fluid; and

moving a compression structure against the pressure trans-
fer vessel thereby applying a pressure substantially uni-
formly along the second major surface to separate the
layer of material in the singulation lines.

2. The method of claim 1, wherein portions of the separated
layer of material remain on the carrier substrate after applying
the pressure.

3. The method of claim 1, wherein placing the wafer and
carrier substrate within the chamber comprises placing the
pressure transfer vessel against the carrier substrate such that
the carrier substrate is between the pressure transfer vessel
and the wafer, and wherein the pressure transfer vessel has a
width that exceeds that of the wafer.

4. The method of claim 3, wherein the pressure transfer
vessel contains water.

5. The method of claim 4, wherein the water is deoxygen-
ated.

6. The method of claim 3 further comprising placing a
pressure plate between the pressure transfer vessel and the
carrier substrate; and wherein:

providing the wafer comprises providing a semiconductor

wafer where the layer of material comprises a conduc-
tive material; and

placing the wafer onto the carrier substrate comprises plac-

ing onto a carrier tape attached to a frame, wherein the
applied pressure is from about 500 KPa to about 5000
KPa.

7. The method of claim 1, further comprising heating the
watfer while applying the pressure.

8. The method of claim 7, wherein the wafer is heated to a
temperature from about 35 degrees Celsius to about 65
degrees Celsius.

9. The method of claim 1 further comprising placing a
protective film proximate to the first major surface of the
wafer before applying the pressure.

10. The method of claim 1, wherein applying the pressure
comprises extruding portions of the carrier substrate into the
singulation lines to separate the layer of material, and wherein
the portions of the separated layer of material remain on the
carrier substrate.

11. The method of claim 1, wherein:

placing the wafer comprises placing the wafer onto a car-

rier tape attached to a frame;

singulating comprises plasma etching the wafer; and

applying the pressure comprises simultaneously applying

the pressure uniformly along the entire second major
surface using the pressure transfer vessel.

12. The method of claim 1, wherein moving the compres-
sion structure comprises moving the compression structure
against a static pressure balloon.

13. The method of claim 12, wherein static pressure bal-
loon is filled with a heated fluid comprising one or more of a
liquid and a gas.
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14. The method of claim 1, wherein providing the wafer
comprises providing the layer of material comprising a con-
ductive material greater than about three microns in thick-
ness, and wherein applying the pressure comprises applying a
pressure from about 500 KPa to about 5000 KPa.

15. The method of claim 1, wherein the applying step is
repeated more than once.

16. The method of claim 1, wherein moving the compres-
sion structure comprises moving the compression structure

5

against a static pressure balloon having a diameter greater )

than that of the wafer.

17. The method of claim 1 further comprising placing a
pressure plate between the pressure transfer vessel and the
carrier substrate before applying the pressure, wherein:

providing the wafer comprises providing the layer of mate-

rial having a thickness greater than about three microns;
and

applying the pressure comprises a pressure between about

500 KPa to about 5000 KPa.

18. A method of singulating a wafer comprising:

providing a wafer having a plurality of die formed on the

wafer and separated from each other by spaces, wherein
the wafer has first and second opposing major surfaces,
and wherein a layer of material is formed along the
second major surface;

placing the wafer onto a carrier substrate;

singulating the wafer through the spaces to form singula-

tion lines, wherein singulating comprises stopping in
proximity to the layer of material; and

placing the wafer and carrier substrate into a chamber, the

chamber at least partially enclosing a pressure transfer
vessel containing a fluid, wherein the pressure transfer
vessel comprises a material having a high elastic defor-
mation; and
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moving a compression structure against the pressure trans-
fer vessel to apply a pressure to the entire second major
surface to separate the layer of material in the singula-
tion lines.

19. The method of claim 18, wherein placing the wafer and
carrier substrate comprises placing the carrier substrate
between the wafer and the pressure transfer vessel, and
wherein the method further comprises:

placing a pressure plate between the pressure transfer ves-

sel and the carrier substrate, wherein the pressure plate
has a shape configured such that pressure is first applied
to outer portions of the wafer.

20. A method of singulating a wafer comprising:

providing a wafer having a plurality of die formed on the

wafer and separated from each other by spaces, wherein
the wafer has first and second opposing major surfaces,
and wherein a layer of material is formed along the
second major surface;

placing the wafer onto a carrier substrate;

singulating the wafer through the spaces to form singula-

tion lines, wherein singulating comprises stopping in
proximity to the layer of material; and
placing the wafer and carrier substrate within a chamber,
the chamber at least partially enclosing a pressure trans-
fer vessel that contains a fluid and a compression struc-
ture movably associated with the chamber; and

moving the compression structure against the pressure
transfer vessel thereby applying a pressure to the second
major surface to separate the layer of material in the
singulation lines.
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